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What is the Rad52 protein? The 
Saccharomyces cerevisiae Rad52 
protein is a key player in DNA double-
strand break repair and homologous 
recombination. It forms a heptameric 
ring, catalyses DNA annealing and 
mediates Rad51-catalysed strand 
invasion. RAD52 is the defining 
member of an epistasis group of genes 
involved in repair of ionizing radiation-
induced DNA double-strand breaks. 
Double-strand break repair catalysed 
by this group of proteins is generally 
error-free, because genetic information 
at the double-strand break is restored 
from an intact copy elsewhere  
in the genome.
Rad52 homologues have been 
identified in eukaryotic organisms 
ranging from yeast to humans, but they 
appear to be absent in some life forms, 
such as plants and invertebrates. 
Although Rad52 plays a prominent 
role in homologous recombination 
and DNA double-strand break repair 
in S. cerevisiae, it plays a more 
modest role in vertebrates, where 
additional proteins like BRCA2 have 
evolved to perform similar functions. 
Nevertheless, the biochemical 
activities of Rad52 proteins from 
different species are very similar. 
What are the functions of Rad52? 
Rad52 is a multi-domain protein 
composed of three regions with 
separate molecular functions 
(Figure 1A). DNA-binding domains 
are found at both the amino and 
carboxyl termini; they bind single-
stranded (ss) and double-stranded 
(ds) DNA, but prefer the former. 
The amino terminus of Rad52 binds 
to its paralogue Rad59 and has two 
self- association domains, allowing 
it to multimerize into a heptameric ring. 
The three-dimensional structure of an 
amino-terminal fragment of human 
Rad52 revealed a positively charged 
groove on the outside of the ring as 
a DNA binding site. The middle and 
carboxy-terminal regions of Rad52 
have binding domains for the ssDNA 
binding replication protein A (RPA) and 
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Figure 1. Rad52 and its role in recombination.
(A) Domain organization for S. cerevisiae Rad52. The hatched area represents part of the open 
reading frame that is not translated. The relative positions of DNA-, Rad51-, Rad52- and RPA-
binding domains that are conserved between yeast and human Rad52 are indicated. NLS, 
nuclear localization sequence. (B) DNA double-strand break repair by homologous recombi-
nation (HR). Two models are shown: classical double-strand break repair (DSBR) and synthe-
sis-dependent strand-annealing (SDSA). In both models, repair proceeds through a number 
of distinct steps: (i) damage detection and nucleolytic 5′-resection; (ii) strand invasion; (iii) 
second-end capture and DNA synthesis; (iv) Holliday-junction formation; (v) Holliday-junction 
resolution; (vi) DNA synthesis; (vii) strand displacement and annealing of ends; (viii) fill-in DNA 
synthesis and ligation. Damaged DNA is shown in black and intact homologous sequences are 
shown in red. (C) Rad52 foci. Relocalization of Rad52-YFP to foci in response to DNA damage 
induced by zeocin. Scale bar = 3 µm.
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The different binding domains are used 
to support the two main functions 
of Rad52, which both use RPA-
coated ssDNA as a substrate. The 
first catalyses the exchange of RPA 
for Rad51 on ssDNA and is termed 
the mediator function; the second 
catalyzes DNA annealing. Interestingly, 
the two DNA binding regions of Rad52 
independently catalyse both DNA 
annealing and exhibit mediator activity. 
Finally, the middle domain contains 
a nuclear localization signal (NLS) 
accounting for the nuclear import of 
Rad52 in its multimerized form.
What is the role of Rad52 in 
homologous recombination-based 
double-strand break repair? The 
double-strand break repair process is 
initiated by nucleolytic trimming of the 
5′-strand of the broken DNA to produce 
3′-single stranded overhangs (Figure 
1Bi). The resulting ssDNA is immediately 
covered by RPA to protect it from 
nucleolytic degradation and to prevent 
formation of secondary structures. This 
RPA–ssDNA complex is recombination 
inert and needs to be activated by 
Rad52 through the replacement of 
RPA by Rad51 recombinase. Rad51 
then catalyses invasion of one of the 
single-stranded ends into an intact 
homologous sequence to produce a 
displacement (D) loop (ii). At this stage, 
two possible scenarios have been 
proposed. In the classical double-strand 
break repair (DSBR) model, the D-loop 
is expanded by DNA polymerase and 
new bases are added to the invading 
3′- end. Next, Rad52 captures the 
second end and anneals it to the D- loop 
(iii). DNA polymerase extends both 
3′-ends and ligation leads to a double 
Holliday junction (iv). Resolution of this 
structure leads to repair of the break 
that may or may not be accompanied 
by a crossover event (v).
The alternative synthesis-dependent 
strand-annealing (SDSA) model 
proposes that the first 3′ extension 
reaction may occur in the absence 
of second-end capture (vi). Because 
the new bases added to the invading 
3′-end are complementary to the 
ssDNA overhang at the other end of 
the break, rejoining of the two ends 
can be initiated by dissolving the 
D-loop followed by DNA annealing 
of the two complementary ssDNA 
regions (vii). Subsequent gap filling 
and ligation concludes repair (viii). 
Notably, the DSBR model requires Holliday junction resolution, whereas 
no Holliday junction is formed during 
SDSA because the invading strand 
is displaced following extension. 
In both models, Rad52 acts early 
(mediator) and late (annealing), likely 
explaining its central role in all types 
of homologous recombination-based 
DNA double- strand break repair.
What is the organization of 
recombinational repair in vivo? The 
recombination machinery does not 
exist as a holoenzyme in vivo: rather 
it is assembled at the site of DNA 
damage in a highly specific step-wise 
order as visualized by fluorescent 
protein tagging and by chromatin 
IP. Assembly of the recombination 
machinery is initiated by RPA recruiting 
Rad52 to ssDNA through a direct 
physical interaction. In this case, Rad52 
forms a visible focus (Figure 1C). The 
exact stoichiometry of homologous 
recombination proteins at a double-
strand break is unknown, but in yeast, 
~600–2100 molecules of Rad52 are 
recruited to a double-strand break. This 
high local concentration of Rad52 likely 
facilitates the biochemical steps during 
recombination. In addition, Rad52 is 
largely excluded from the nucleolus 
in yeast; and in mammalian cells it 
shuttles between the nucleolus and the 
nucleoplasm. The nucleolus contains 
a number of repetitive and highly 
transcribed DNA elements, such as 
the ribosomal genes (rDNA), which are 
sensitive to spurious recombination. 
Thus, Rad52 is likely excluded from the 
nucleolus to suppress recombination 
between these repetitive sequences. 
On what DNA lesions does Rad52 
act? In meiosis and during mating-type 
switching, homologous recombination 
is induced by controlled formation of 
DNA double-strand breaks that are 
repaired in a Rad52-dependent manner. 
In mitotic cells, however, bona fide 
double-strand breaks do not appear 
to be the main source of spontaneous 
homologous recombination, indicating 
that Rad52 also acts on other types 
of lesions, such as single-stranded 
DNA gaps that escaped repair prior to 
replication initiation. Rad52 can also 
repair chromosome ends that have lost 
their telomeric cap by facilitating the 
copying of telomere sequences from 
another chromosome, indicating that 
one-ended DNA double-strand breaks 
are substrates for Rad52. One-ended 
DNA breaks may also accidentally occur during DNA replication if a 
replication fork collapses. Hence, a 
major role for Rad52 is likely to facilitate 
the restart of damaged replication forks. 
Is Rad52 activity regulated? RAD52 
is constitutively expressed during the 
mitotic cell cycle, but is upregulated 
during meiosis. Rad52 is recruited 
to RPA foci only during the S and G2 
phases of the mitotic cell cycle, but 
the precise molecular mechanism 
controlling this recruitment is unknown. 
Rad52 is phosphorylated in both a 
cell-cycle-independent and cell-cycle-
dependent manner, which correlates 
with the cell cycle regulation of 
homologous recombination. However, 
the phosphorylation sites and the 
relevant kinase(s) have not yet been 
identified. In response to DNA damage 
and during meiosis, Rad52 is modified 
by sumoylation at lysine residues 
K43, K44 and K253. Although the 
overall level of recombination is not 
grossly affected in a non-sumoylatable 
rad52 mutant, the outcome of 
recombination in a direct-repeat assay 
shifts from pop-out recombination 
to gene conversion, suggesting that 
sumoylation delays recombination 
possibly to allow quality control. 
Moreover, it displays rDNA hyper-
recombination and fails to exclude 
Rad52 foci from the nucleolus.
In summary, the DNA annealing 
and mediator functions of Rad52 
play a central role in homologous 
recombination-based DNA double-
strand-break repair. The regulation of 
these Rad52 activities as well as its 
subnuclear localization is important 
to ensure orderly and correct repair 
of the multitude of endogenous and 
exogenous DNA lesions.
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